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The  tests  described  in  this  report  are  roe  phase  cf  an  sxtecsiv* 
progress  in  the  Hydrodynamics  Laboratory  to  investigate  the  hylrodj^ealc 
coefficients  and  free  flight  characteristics  of  underwater  belli  Stic 
alsslles.  Other  phases  of  this  prograa  are  the  reesurvmesrt  of  the  !/- 
nanic  force  and  eoaent  coefficients  of  the  Basic  flmr  nieriie  in  the 
High  Speed  Hater  Tunnel  on  the  angular  oscillati &g  and  linear  oscillating 
dynamic  balances  and  free  flight  studies^  in  the  Controlled  Atmosphere 
Launching  Tank* 

The  Basic  /inner  configuration  Las  botn  tested  in  the  Bureau  of 

Standards  find  Tunnel  and  is  being  used  in  expert  mantel  and  theoretical 

underwater  force  coefficients  and  trajectory  invest! gatioos  at  the  Lxperi- 

■ental  Toving  Tank,  Stevens  Institute  of  Technology,  the  level  Proving 
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Ground,  Danlgren,  Maryland,  and  the  level  Ordnance  Teat  Station  ,  Pasadena. 
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The  principal  diner  si  one  of  the  Basic  Tinner  missile  configuration 
are  shown  in  the  sketch,  fig.  1.  Models  of  1  end  2-inch  diameters  were  used 
in  these  tests.  The  larger  nodal  was  fabricated  to  accommodate  the  inter¬ 
nal  force  and  moment  balances  necessary  when  making  dynamic  teats  end  in 
order  to  min  ini  me  the  effects  of  strut  and  shield  interference.  Because  c£ 
the  extreme  length  of  the  2-in  ah  diameter  nodal,  (2C  inches),  the  1-inch 
diameter  model  was  tasted  in  order  to  ninifd.se  the  wall  affects  at  high 
angles  of  at took. 
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models  were  tostad  on  tb?  three  component  static  fcroe  balance* 
ir.  tee  I*~io.  di  wmr*-er  olo sad  ^et  last  section  of  the  tig*  Speed  3a  tar 
Tmnel^.  Tbs»  models  were  supported  on  e  single  jtm,  a?  epindle,  at¬ 
tached  aitf  tk«  Midpoint  of  body.  typw  of  ssppcrt  exfifanticai 
Mri  aaod.  ?»  most  of  the  teete  the  Model  support  spindle  ms  Shielded 
fron  Um  flow  leasing  oalj  a  smll  olaarrsne*  ftp  httawa  the  nodal  «d  the 
spindle  shield.  Ibis  set-op  is  Auw  la  ib*  lower  pfecisgrsph  of  Pig.  2. 
la  order  to  calibrate  ike  effort  of  ^  didd  iaUrfcnrai  oo  the  forme 
e  peered,  Image,  ddald  «u  aomtad  on  the  apptmLZa  side  bet  not  toaeklMg 
the  model  (upper  photograph,  Fig.  2,f  sod  th*  tearls  repented.  2n  iif  - 
feme oe  between  the  ram  node  with  mod  without  inage  pee  the  effect  of 
tin  addition  of  the  second  shield,  nod,  amnlai  that  ±«  afclald  inter  - 
foresee  effects  were  additive,  this  correction  ms  ndtmttad  fws  tbs 
flnt  single  shield  msu 

Becnaes  od  ths  large  chord  of  the  spindle  shield  compared  tc  tbs  Model 
*1  meter  far  ths  Hsdi  nodal  sobs  of  tbs  teats  ears  wade  with  the  models 
masted  an  a  psrtdsllj  wash!  elded  spindle  la  arcar  to  reduce  m  inter* 
fames  it  large  attack  eagles.  Tbs  hare  portion  of  the  ^natfle  amtjFtd 
of  a  l/2~ia.  dimeter  cirrailar  section  tapering  in  om  iaeh  to  e  rtmiprt 
rylindriaal  section  1.29C  in.  in  dimeter.  Ihe  total  length  of  the  un- 
shielded  portion  of  tbs  spindle  mm  2-in.  for  tbs  1-ua.  -f* srr  Model  sod 
1*2/2  in.  for  the  tso-isch  Model.  21th  this  oet~^  tbs  forces  aad  sonants 
sere  armoured  oa  both  the  nodal  sod  the  unshielded  portion  of  the  sptafla. 
This  set-up  requires  two  additional  testa  in  order  to  calibrate  the  f trees 
cn  tbs  bar  a  spindle  end  the  intsTfsrsnoe  effects,  iftsr  tenting  tbe  sni«I 
m  a  siagle  spiadls  tbs  test  ms  rapes tsd  with  the  sadel  sainted  te  a  xtid V  ~ 
spindle  from  tbs  opcoelie  tniwml  wall#  sad  a  second  spindle  attached  tc  tbs 
force  balance  with  snail  clearance  gap  at  ths  nodal.  Its  this  earner  the 
farces  ware  oalibrated  for  the  onahi aided  portion  of  the  spindle.  2m  irter* 
fermoe  affects  of  tbs  spindle  ware  calibrated  :a  a  third  test  bj  using  as 
image  spindle  as  was  done  with  the  shielded  stmt. 


Two  type#  of  test*  sere  sade.  The  drag  coefficient  was  i  eternised  aa 
a  function  of  Reynolds  umber  at  xero  attack  angle  for  water  eel  sd '-1*3 
froa  4-0  to  65  fps.  Ibe  Bexlarai  speed  was  Halted  fay  the  strength  of  the 
aodel  spindle.  The  lift,  drag,  and  pitching  aaaent  jere  see  sored  fey  r*3t  * 
nlng  the  tunnel  at  constant  velocity  and  varying  the  angle  of  attack  of 
the  aodel.  uost  of  the  testa  rare  aads  with  the  aodel  pitched  in  a  plane 
naraal  to  one  aet  of  fins;  however,  oos  series  of  nas  aaa  aade  vlth  the 
afterbody  of  the  aodel  indexed  45  degress  relative  to  the  plane  of  pitch 
angle.  The  results  of  these  teste  are  Aovn  separately.  Details  of  th^ 


Refs.  4  and  6. 

The  force  and  annent  data  sere  rodoced 
as  foil 078  i 


Drmg  coefficient,  Cj. 


p/2 


J2  . 

i  A 


eoef  fluents 


Lift  coefficient, 


A 


Pitching  acaent  coefficient,  C^. 
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s/2  r2  i 


fl 


uhere: 

V  *  free  streaa  velocity  fpa 
P  *  density  of  eater,  slugs 
A  -  cross  sectional  area  of  modal,  ft2 
T)  *  disaster  of  aodel,  ft 


The  Basest s  are  given  about  the  midpoint  of  the  aodel,  5.X  Hsaetare  fro* 
the  nose  tip.  In  addition  to  the  shield  and  strut  Interference  correct! ens 
the  drag  coefficient  aas  corrected  for  tcarixoctal  buoyancy.  7L+* 
drag  is  due  to  the  static  pressure  gradient  along  the  test  section* 
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7L*  irag  coefficient  cm  %  function  of  Payoclie  ranker  far  tbe  3a*tc 
Timer  ic  atom  in  Ag.  3.  lift,  dmg,  and  pitobmg  acenot  sceffisUBte 
art  shoes  e*  functions  of  ingle  of  pitch  far  several  3eyncld*  aartwi  in 
?1|.  4  *  or  tbs  nodal  ;iv±ed  aeml  to  tbe  fisc  and  in  Tic*  5  far  ‘-be 
fin*  indexed  et  if  degrees. 

Ire*  iete  frm  free  Ai  girt  teete  at  the  Semi  Irsamoe  leer  Static*, 

Paaedeoe,  end  in  the  Iiliforria  Institute  rf  Technology  Icntrdllsd  itaos- 

pfcere  Launching  leas*  ire  included  in  Tie.  3*  The  ire*  coefficients  re- 

carted  by  3tdtwrtad  tad  %gfe^  af  FIS  ere  far  Seyadlds  where  free  S  x  1C*" 

to  ^.6  x  vf .  fbm  big  coefficients  ere  above  la  tbe  figure  only  et  the 
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mar  Unite  af  tbe  Seyoolde  ember  rentes,  Price  reports  e  dreg  coeffi¬ 
cient  of  2.493  et  e  Ssyaolds  amber  of  apcraximtely  3.6  x  1C^  in  the  free 
flight  teat  it  Cl?,  Tie  igreenent  between  the  niter  tome!  dreg  ceeffi- 
denta  end  tboee  of  JCTS  in  excellent,  !hng)i  tin  d?  free  fligfsrt  tnti 

sere  nede  et  merer  Reynolds  umbers  then  the  *1— T  teete  these  resoita 
•re  also  in  sloee  agreemt. 

The  dreg  coefficient  ihcmsf  a  aharp  peek  et  e  Reynolds  nnhar  af 
2.?  x  2C^  for  ell  teste  of  the  2-inch  rtf  —ter  will.  In  addition  the  drag 
coefficient  increesaa  ettb  inermaLag  bynUt  nsebani  over  the  entire  nags 
This  trend  lx  also  apparent  in  the  curves  of  dreg  coefficient  vs  attack 
angle,  Ag.  4. 

Lift,  dong#  end  pi  taking  ament  coefficients  ere  abcm n  for  Baynoids 
ambers  of  1.7,  2.5,  3~4  and  5 U  x  10®  for  angles  of  attack  ap  to  Li  da- 
gram  in  Tig.  4.  the  lift  end  emit  ebon  alaoat  no  variation  with 
Bayaolds  amber  over  thin  range.  Tor  the  teat  remits  decern  is  Ag.  4,  the 
eodel  me  pitched  in  e  plane  unal  to  one  set  of  fine.  In  the  taste  of 
A g.  5>  the  nodal  afterbody  me  rotated  *5  degrees  eed  the  eodel  pitched 
in  a  plane  45  1  agrees  to  ell  focr  fine.  ?itb  the  nodal  pitched  45  degrees 
to  the  plane  of  the  fine,  the  lift,  dreg  and  enemt  aoaffldmts,  ea  ex¬ 
pected,  ere  lees  than  with  ike  eodel  pitched  aorsel  to  me  set  of  fins  for 
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FIGURE  TITLES 


Fig.  1  Sketch  of  the  Basic  /inner  sissiie  configuration. 


JFlg  .  2  One  tnah  dianeter  Basic  Pinner  nodal  Boosted  in  the  High  Speed 

-star  Tunnel.  Upper  photograph  -  single  shield;  lower  photograph, 
inage  set-up. 


Pig.  3  Drag  coefficient  as  a  function  of  Reynolds  nmfoer  for  the  Basic 
/inner  in  fully  wetted  flew. 


Fig.  4  Lift,  drag  and  pitching  noaent  coefficients  far  the  Basic  Finner 
as  a  function  of  angle  of  attack. 


_ Fig.  5  Lift,  drag  and  pitching  sonant  coefficients  far  the  Basic  /Inner 

as  a  function  of  attack  angle,  iicdel  pitched  at  45  degrees  to 
plane  of  fins. 
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SkrU  h  of  the  frinurr  «!onf ij|ur4ttun» 
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Fig.  2.  One -inch  diameter  Basic  Finner  model  mounted  in  the  High  Speed  Water 
Tunnel.  Lowjr  photo  -  single  shield.  Upper  photo  -  image  setup. 


Fig.  4.  Lift,  drag  and  pitching  moment  coefficients  for  the  Basic  Fisner  a 
function  of  angle  of  attack. 


